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In this study, we attempted to increase the survivability of bifidobacteria in simulated gastric juices and bile salts after cell
entrapment with alginate and various food additives, such as erythritol, isomalt, palatinose, skim milk, xanthan gum,
isomalto-oligosaccharide, fructo-oligosaccharide, galacto-oligosaccharide, pectin, and mono-sodium glutamate. Additionaly, the
stability of bifidobacteria during storage was investigated by measuring survival rate at different temperatures, i.e. at 4°C,
25°C and -20°C. Bifidobacteria were immobilized in alginate beads and the survival rate was monitored. It was found that
bifidobacteria entrapped with 2.5% alginate showed the highest survival rate at 12%. After addition of the various protective
agents, erythritol(1%) showed the best protective efficiency with a survival rate of 56.0% among the additives tested when
exposed to simulated gastric juices for 3 h. Immobilized cells suspended in 5% skim milk and stored at 4°C survived
significantly more than cells stored at 25°C and -20°C. Consequently, the study shows that the survival rate of bifidobacteria
immobilized in combination with 2.5% alginate beads and 1% erythritol may be signifcantly increased in simulated gastric
juices and bile salts.

Key Words : Bifidobacteria, entrapment, erythritol, sodium alginate

M B2 e viAE aF=Ee = S FAZEY ohjl A7
A, BRA, ARREAE 5 HFN} FEOAY o)
7hel R probiotic AFS) AU w7t G2 F

oF), ¥A AFTY AT 43 Fupsa 9

—

Bifidobacterias 1@ A 74 AFozEa 24 °§°oE°}
FEHE ofie} Adel AWM A ZEL 8

om, AR e B mAE F 5% Haen Ae = FA Uth4-7).

1A #23t wolth1). Bifidobacterias WA}HA Zof 24k a3y} 49 bifidobacteria®] AL A, 3], AEH
W ogake ML sl A pHE A3AA 3 2L 28} 2o] FOoE QI P2suER9), 53] <43 wiAes
Adsle WEAd 2 BaA oAEe] H8S oA E ®al o} At fof AFFelA] Euxe ity dFake] os) A
g}, 3A42E, e, ®ez7), gl 92k =y 2w < Fosle B9 HEg HY, #E FAFE HUt

2

oOTER AAE K714 Qs AEge) 2A
HoH10). wabA blﬁdobactenaE o]-8-3} probiotic
HAI AR L §E577 F9F o) S H A
£o, 43 T SO DR F9 A5

£ Asl, A HFole o R Agd 5o} A Ao
Huga th23). old] wet 3 FE A% o2& 9

o4 o 39
10 tio e

2
WPN

t Corresponding Author : Department of Biological Engineering,

of M AL Ml 2 of M u
o%.
£

Inha University, #253 Yonghyun-dong, Nam-ku, Incheon 402- HlEo] tisted Wiigdo) slom, FulelM FAE £ e &
751, Korea & FFAIE § FT=Ho2 bifidobacteriae] HEES I
Tel : +82-32-860-7511, Fax : +82-32-875-0827 AR e 71ed Ade] Fasit

E-mail : theo@inha.ac kr A AEFAAAGHE R W, 97 FARAN

531



532

bifidobacteria®] AEE 2 HF SUE AT AXEF 7
24 AxuAshgyge] did =
DAY 2R A Ao 24
B B3, oF FAEA 4L #A4AT, 143
W2 E48 979 Ed3d FHoz2HY Bis F9, 23
o] EugdS HgAAE B

& 5 Sle AFo] 7] WFoluh wety METHEH o] 2
EF4de] o]&57] YeME 2AE B A8 ssdln
A9 FHE WA TR Gofol d, Yoz} &34 1,
95 EdFte] WA Fol mEEH At . YvrFe=
olof 22 AME THEAEL 259 A2Y A A A
o ue} thdd Fee OFA Az FRE FAEEE o8
EA& ]85l bifidobacteriaS TRAY F$ Azlel AFE
53t g9, 5, 14 2 B3} a5 2o T A
Eol dFE vXe 2AEe] Az JAFEI} 7] fE
o w=o] X3 E bifidobacteria®] MEHo| AL = 5+ Y
TH1S). FrAIFWS] fakd 2 bifidobacteriaE $4ta @E4H
9 ogoZRE HIF3I] ¢5te] alginate, chitosan, K-
carageenan, gellan gum, xanthan gum F3 Z-& tjoksl y1EA}
EAL o2 MIIF 7]&o] HuHD QrKll-14). E3]
alginate= H|EAdo)1, AF H/MER o] B opE} ¥
= 2EAME HIEe Az} 7] R AX ¥ &4
59 g3} Bo] of&H 1 gltkie,17).

AR} 5-& HEOA bifidobacteria®] 2]Fo} ojekFo 2 A
oL ZHE FHog Y, WEEAT Wasd 59
5 Ao g Ao MHdE AEEY J&n, S48
EHASE A ddshe Ve Misy Ba dgY
(18-20). wetA] B HFo A= bifidobacteria®] A& oHgA =
et HaE FAFA HEo] 7hedtA  HHos @& £F
AlA Watgolt WEEsad 59 AR U3 A4S
AN F, AXZFA Arle FEE A7) 9% A=
= HNEAL g5 o)F o]4F bifidobacteriad] AJEH

3 A PRYL 2AAC

]
|

2
A

R

MBFE U v

B Ao ANRE  Bifidobacterium longum (ATCC 15707),
Bifidobacterium  infantis  (ATCC  25962)¢}  Bifidobacterium
adolescentis (ATCC 15703)& 3=38lr|edrd AuzZstd
TAolA BEoFigro™, Bifidobacterium longum HLC 37429}
Bifidobacterium infantis FBL-& £ AF-A0A 31=2<¢] folz R
H 2 4% AL AMSET A¥d AE3Ey) YsiA
bifidobacteria= TPY-broth7} 7] 10 mL A& el 2% HE3
Z 37CoA 33 Auhuoksle 4L Ar} Bifidobacteria
9] nFE W% 2.5 L jarol]l working volume 1 L TPY-broth
o 2% W] 2007 MFE F F TEE FAFE

ool AHgSL

Alginate®} 7|E} AZEXIIS
Bifidobacteria®] ¥F o] AMEH alginate= Sigma Co.9} Jiwon
Co.8] AFo2A 7|8l ANEASH 3 AL degode &

Korean J. Biotechnol. Bioeng., Vol. 17, No. 6

at7] Aol 85TA 3081t st AMSEFH

E X

Aol AF2-S bifidobacteria= BHE 710l 4] 37°C204]7F SRt
v Fate] 3,172 x gol A AAE et ARGEIATE 358 A
¥ HEAE A AHZE Hid™e] Ym ddd  sodium
alginate 2.0%, 2.5%, 3.0%, 3.5%, 40%% #H7}st & &%)
(Stomacher 400, Seward Co., UK)E o]-&3}o] alginate %ol
< wEI: Erythritol, isomalt, xylitol, palatinose, skim milk,
xanthan gum, isomalto-oligosaccharide, fructo-oligosaccharide,
galacto-oligosaccharide, pectin, mono-sodium glutamate®} &
HNEHANVEE AMBSte Aol alginated} Zo] 0.6%5 A7}
g & 85Tl 3087 A A F AE dgdn 3
A wdgel gol &k olelg alginate NG
5 um, 1 ym Z28]3 05 ym TEE 714 air compressor
2.3 kg/em)E o] 83}a] 0.1 M CaCl, =8 oj needleS o]&
ato] ASHAlA HI=E Ax3Gh

Hj=o| M7s X3

HIZ 107]E 0.1 M sodium citrate 5 mL F&Ho] Yo &
vortex mixerg ©]-&3t M|=7} §afEo] Fo] g F U=
% 323 5o 290, oldB $89L 4TS 249 o)
sigon, BATE Agelel HRHNE
agar WjAlol =gt F, Fr)Z2AOR 37ToA 48417 wj%
Stal colonyE Zlste] A4S SH3ATh

dj=o] =ZF bifidobacteria®l FAIYH U EHEH LY

=3

Bifidobacterium spp.2] XL 25% alginate$} 1% erythritol
< o83t 4] 3 W FdaA AT o|F A
Azd HEE pH 29 FARA 3A1F 3L, 959
(0.6% Oxgal)ol| X 6A13F &% 42 ¥H-g-A171 F, TPY-agard]
STHsle] 37TAA 48417 WY & colonyE AFated A& &
< A

Bifidobacteriay} & & H|=9] 37]of M= A& &N

=9 F7)o)} wE P& Lolry) 98] 2.5% alginateS
71207 &1 erythritol e 08%, 1.0%, 12%, 14%9 T2
3to] HIEE Azxsigon, HlEY F7)e kA & 27)
o needleg ©]&3t Z7] & F7|9f HI=E AZXFHHLh
olgA AxY HEE vlo|AZUEE o|gdle I|E &
R en, 24zt FARI Aol A1 g Al S)F 147 v
o A28 AUt Sampled A7yl FUSA AT
& 2339 AELE vwdoh

o

Hl=o| M= 5F

AarE =S AFHS] A7 vEy Axze) g4 2 o
A3 =& FAY] 3l Az =g A 7HA A
o 1057 AAstdAA 13U 7HHoz ARE AFH3 79
A S At 2o AFFAL 5% skim milk
89 10% isomalto-oligosaccharide =8 TPY-broth 183
2T F7)7F HlA ge £7]d vE=ng go] A8}

i

Jn



Yim, T.B., Cell Entrapment for Bifidobacteria use to Erythritol

1400

F 1200

I 1000

r 800

r 600

Survival rate(%)
Viscosity(cp)

r 400

F 200

control  2.0% 2.5% 3.0% 3.5% 4.0%

Alginate concentration
Figure 1. Effect of sodium alginate concentration on survival rate of
entrapped B. longum after exposure to simulated gastric juices for 3 h.
control: untrapped cell, @: viscosity of different sodium alginate
concentrations(Jiwon Co.), O: viscosity of different sodium alginate
concentrations(Sigma  Co.), Wl survival rate of sodium alginate
bead(Jiwon Co.), [ survival rate of sodium alginate bead(Sigma Co.).
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Figure 2. Survivability of B longum entrapped with various food
additives in combination with alginate exposure to simulated gastric juice
for 3 h. A: control(alginate ; Jiwon Co.), B: erythritol, C: skim milk, D:
palatinose, E: xylitol, F: mono-sodium glutamate, G: isomalt, H:
isomalto-oligosaccharide, I: fructo-oligosaccharide, J: galacto-oligosaccharide,
K: pectin, L: xanthan gum, alginate concentration: 2.5%, food additives
concentration: 0.6%, Il control, [} After reaction with simulated gastric
juices(3 h), O survival rate(%)

A& AE F e HHEY AEE s HAh ol
HA7PEEL ou H= HIEEaFHr} RuH(18-20) erythritol,
isomalt, xylitol, palatinose, skim milk, xanthan gum, isomalto-
oligosaccharide,  fructo-oligosaccharide,  galacto-oligosaccharide,
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Table 1. Survivability of Bifidobacterium spp. entrapped with erythritol in combination with alginate after exposure to simulated gastric juices(3 h) and

bile salts(6 h)

Species Kinds of Reaction in simulated gastric juices(3h)b
beads’ Before(log cfufbead) After(log cfu/bead) Survival rate(%)
B. longum Alginate(A) 8.3475 £ 0.690 7.3557 + 0.076 102 = 0.7
ATCC 15707 A+E 8.4728 + 0.086 7.8412 = 0.171 315 £ 1.2
B. infantis Alginate(A) 8.3174 £ 0.008 7.2519 = 0.011 8.6 + 0.8
ATCC 25962 A+E 8.3831 + 0.017 74926 + 0.068 13.1 £ 0.7
B. adolescentis Alginate(A) 7.8847 + 0.014 6.9987 + 2.160 13.0 £ 0.8
ATCC 15703 A+E 7.9715 = 0.151 74714 = 0.250 314 £ 0.7
B. longum Alginate(A) 7.9182 = 0.032 7.0024 + 0.381 121 £ 1.3
HLC 3743 A+E 8.0241 £ 0.081 7.5903 = 0.540 36.8 + 0.3
B. infantis Alginate(A) 8.2779 £ 0.200 7.2857 £ 0.026 102 = 0.1
FBL A+E 8.2467 £ 0.071 7.8405 = 0.038 393 + 03
Species Kinds of Reaction in bile salts(6h)”
beads” Before(log cfufbead) After(log cfu/bead) Survival rate(%)
B. longum Alginate(A) 8.2518 = 0.005 7.4957 + 0.820 17.6 £ 0.6
ATCC 15707 A+E 8.2857 + 0.081 7.8984 + 0.129 41.0 £ 1.2
B. infantis Alginate(A) 8.1987 + 0.003 7.5423 £ 0.151 22.1 £ 1.0
ATCC 25962 A+E 8.0289 + 0.038 7.6995 + 0.007 46.8 £ 04
B. adolescentis Alginate(A) 7.6972 + 0.004 7.2898 = 0.085 12.3 + 0.1
ATCC 15703 A+E 7.8274 £ 0.045 7.3215 = 0.079 312 £ 0.7
B. longum Alginate(A) 8.1024 t 0.540 7.5158 + 0.044 252 £ 06
HLC 3743 A+E 8.0069 £ 0.630 7.6398 + 0.520 430 £ 0.3
B. infantis Alginate(A) 8.0367 = 0.006 7.8106 = 1.280 278 + 04
FBL A+E 7.9865 = 0.016 7.6322 + 0.013 442 + 19
“alginate concentration: 2.5%, erythritol concentration: 1.0%
*Data are mean values * standard deviations
| w F5 9 foliwold Reld 5 BF7} 25% aginaeo
mi 1 350 2 X3 v=H erythritol 1%S H718F 4% pH 290 FAF
I ololA 3A7 Eote] whg Fole of 28w, HEA06%
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é 0 20 g o|\} ©4&d A T Bifidobacterium spp. BT} ¢k 10%
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2 , , , ' ' ’ : | 100 |:|||:__| 37'9_} _L.;E()“ u;'.E X{A-I ZA}
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Figure 3. Survival rate of B. longum ATCC 15707 entrapped with
alginate containing different erythritol concentrations after exposure to
simulated gastric juices for 3 h. All bead based on 2.5% alginate @:
viscosity of 2.5% alginate plus different erythritol concentrations
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Figure 4. Survival rate of B. longum entrapped in four different bead
sizes with 2.5% alginate containing various erythritol concentrations after
reaction with simulated gastric juices for 3 h. All beads based on 2.5%
alginate, [l 1 mm bead , I 20 mm bead , [l 2.5 mm bead, [} 30 mm
bead, A: viscosity of 2.5% alginate plus different erythritol concentrations
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Figure 5. Survivability of B. longum entrapped with 2.5% alginate in combination with 1% erythritol at various storage condition. A: only beads, B: 5%
skim milk solution, C: 10% isomalto-oligosaccharide solution, D: TPY-broth, @: stored at room temp.(25C), (: stored at 4°C, ¥: stored at -20C
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